Molecular cloning and sequencing of a gene from alkaliphilic Bacillus firmus OF4 that functionally complements an Escherichia coli strain carrying a deletion in the nhaA Na+/H+ antiporter gene.
A gene has been cloned from a DNA library from alkaliphilic Bacillus firmus OF4 that functionally complements a mutant strain of Escherichia coli, NM81, that carries a deletion for one of that strain's Na+/H+ antiporter genes (delta nhaA). The cloned alkaliphile gene restored to NM81 the ability to grow at pH 7.5 in the presence of 0.6 M NaCl and on 100 mM Li+ in the presence of melibiose, and concomitantly led to an increase in the membrane associated Na+/H+ antiport activity. The biologically active alkaliphile DNA was identified as an incomplete open reading frame, the sequence of which would encode a hydrophobic protein. The insert was used to isolate clones containing the complete open reading frame, which would be predicted to encode a protein with a molecular weight of 42,960 and multiple membrane spanning regions. When the open reading frame was expressed under the control of the T7 promoter, the gene product was localized in the membrane. Southern analysis indicated no homology between the alkaliphile gene, which we propose to call nhaC, and the nhaA gene of Escherichia coli, nor with other genes in digests of DNA from E. coli, Bacillus subtilis, or Bacillus alcalophilus. Although there was also no significant similarity between the deduced protein products of the alkaliphile gene and the nhaA gene of E. coli, there was a small region of significant similarity between the deduced alkaliphile gene product and the protein encoded by a human Na+/H+ antiporter gene (Sardet, C., Franchi, A., and Pouyssegur, J. (1989) Cell 56, 271-280).